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FOR TRANSISTORS
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OBJECT: Study of failure modes and screening techniques to eliminate
potential failures of silicon planar transistors manufactared
by three separate processes to the 2N718A specification.
Process A -~ Double diffused, with Au to Al contacts.
Process B - Double diffused, epitaxial with AL to Al contacts.
Process C - Triple diffused, with Au to Al contacts.

Abstract -

This report is preliminary, giving results of an initial stress
response survey made to clarify and adjust procedures for a large scale.

Investigation was made of failures by:

1.

2.

4,

A step stress matrix of temperature, temperature plus voltage,
and power for four steps and 100 and 500 hour tread lengths.

Step stress of centrifuge to 150 KG.
Vibration - Shock and Shock - Vibration.

Noise current measurements at 5 miero-amperes, 100 cycle,
1,000 cycle and 10,000 cycle and 30 ma at 1,000 cycle.

Techniques for screening to noise limits are reviewed together with
some indication that a noise screen can be used to decrease the percen-
tage failure of some individual types of failure.
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1.1

1.2

1.3

1.“

Purpose of the Project

The purpose of the project is to determine the failure modes
for transistors manufactured by three different processes.

From this study a speeific screening method will be established
and tested so as to learn all possible factors necessary to screen
trangisters to improve failure rates.

Details Covered in this Report

This report essentially covers the complete results of Phase I
of the experiment and provides some preliminary information on
Phase II.

Phase I consists of a 6 X 4 step stress matrix electrical experi-
ment showing the effects of temperature alone and temperature plus
voltage. In addition, a 4 step centrifuge experiment and a two-
step shock vibraton and a vibration shock experiment were covered.
This experiment was designed to use a small sample and provide all
possible basie factors necessary to fin alize a large sample matrix
experiment to test the screening methods.

Matrix Details

Fig, 1.2.1 covers the matrix details of the experiment completely.
This report covers the following:
1. Status of the project.
2. Comparative results of the step stress experiment.
3. Faillure analysis of representative devices,
4. Preliminary resulis of the noise investigation.
5. Preliminary review of phase II.
6. Modifications to the project.
7. Comelusiens possible from results to date.
Status of the Project

The progress to date is about two weeks behind the original
schedule preposed in October Letter Report. Delay has been caused
by the un-expected work load on the noise test egquipment and by an
un-anticipated increase in the data editing and verification pro-
cedure,

Both procedures are producing sufficient valuable additions to
the original intent of the project that the delay is well justified.

The data editing and noise testing are hand testing operations and -
can only be done by a single skilled worker at a time.

Status of Phase I on March 31 shows completion of all tests to
the centrafuge test of all units.,
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1.5

2.9

2.1

Brief Outline of the results

1. Dominant modes of failure for each of the three precesaes were
determined and found to differ both in the percentage insluded
in the distribution and in nature of the failure caused.

2. In general, time dependency of the experiments shows a /2
relationship (5X time produces 2X failures). This varies
somewhat with stress and with process.

3. The acceleration factor appropriate to estimate failures by
use of temperature as a substitute for time,varies with process.

4, JNoise can be used as a screen to eliminate potential failures
but the relation between test limit and failure rate improwe-
ment varies with process and with measurement conditiems.

3. Noise is generated by mechanisms which are related te degradation
and by mechanisms which are not related to degradatiom. ia a
result, screening to a noise limit can decrease reliability as
well as increase reliability.

6. The degradation associated noise mechanism becomes more active
with usage of the transistor. Testing after an elestrical
stress will be more effective than testing a new transistor.

7. Dominate failure modes were found to be:

Process A Collector Base Surface Degradation
Process B Lead Bond Failure at Post
Process C Collector Base Bulk Degradation

8. The experiment as now planned should show a significant improve-
ment in the reliability of each of the 3 processes when subaritted
20 the planned screening procedure.

Results of the Matrix Experiment

Details of the step stress experiment and the numbers of failures
for each type of stress are shown in Section 2 as follews:

2.1 Temperature Siress

2.2 Temperature plus Voltage
2.3 Power Stress

2.4 Mechanical Step Stress
2.5 Coneclusions

The Effect of Temperature Stresses

10 units from each process were submitted to a 4 step 100 hour
tread step stress test at 250 C, 300 C, 340 C, and 380 C, lot number
343201, These temperature levels were intended to produce failure
rates ¢ 10, 10-50, 50-9, and »90% Another 10 units from each process
were submitted to the same stresses for 500 hours on each tread.
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2.1.1 Fig. 2.1.1 is an approximate Arrhenius plot of the results obtained
on the combinatiocn of all ihree processes.

The data is only a rough approximation, but tends to indicate
that 500 hours does not produce a 5 to 1 increase in failures.
This supports the assumptions made in the screening experiment
where weak units are expected to fail early.

This curve also shows the approximate relation between tempera-
ture and failure rate.

The initial estimate of 380°C for the upper limit or 100% failure
with temperatures was confirmed by step 4.

Fig. 2.1.2 and 2.3.3 show the tabulated values of Igpg for the
combined lots (Process A + B+ C).

The use of Al - Al contact system did not improve operation
above 380 C (Gold Melting Poimt).

This was due to use of gold to mount this header and use of
gold bonding at the post.

2.1.2 Fig. 2,1.2 shows the tabulated distribution of values for ICBO
for the combined 3 processes at the 100 hour tread length.

2.1.3 Fig. 2.1.3 shows the same distribution for the 500 hour tread.

Examination of this shows little clear distinetion between
the 100 hour and 500 hour treads for most units. About 10% of
units show a greater degradation on the 500 hour tread.

Small sample size may be the reason for the small percentage

change. This was below the expected percentage and will require
the larger sample size of later phases to make conclusions.

Fig. 2.1.4 is a table showing the cumulative catastrophic fail-
ure count fcor the 3 processes individually with the 100 hour and
500 hour results compared.
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Fig. 2.1.4

CUMULATIVE CATASTROPHIC FAILURE COUNT SUMMARY FOR EACH STEP STRESS CELL

PER MANUFACTURER UNITS OPEN, SHORTED, ETC.

(10 Devices Per Process Starting)

Temperature Step Stress With No Reverse Collector Voltage

100 Hour Duration
Per Step
Cell #343201

500 Hour Duration
Per Step
Cell #343202

250 C 300 C 340 C 380 C 250 C 300 C 340 C 380 C
rocess|First Step |Second Step|Third Step |Final Step |First Step| Second Step| Third Step| Final Ste
:
Q. by 8. >
A 0 0 1 pd 0 0 0 e
R -‘ Both R
B 0 0 1 35% 0 1(C, Type) | 2(C, Type)| 8 5%
(acy type)| S § & Al ALl 385
c 0 1(C1 Type) |4(acs type)| 4B °© 0 4(C1 Type) |5(Cy Type [~ B
~ kN + ~ kN
< B0 < 8o

The one catastrophic failure or 100 hour for Process A is imcemsistant

with no failures on 5004hour tread.

Otherwise, the over-all catastrophic failure count does indicate that

time is important in Process B and C.

Process C does show much more response to time than to temperature as

indicated by & failures at 500 hour 300 C instead of 1 at the 100 hour test.

Sample size is much too small to make definite conclusions.
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Fig. 2.1.5
CUMULATEVE LEAKAGE DEGRADATION FAILURE COUNT SUMMARY FOR EACH STEP STRESS
CELL PER PROCESS

(10 Devices Per Process Starting)

Temperature Step Stress With No Reverse Collector Voltage

100 Hour Duration 500 Hour Duration
Per Step Per Step
Cell #343201 Cell #343202
2549 ¢ 300 C 340 C 380 C 250 C 300 C 340 C 380 C 1
ocess |First Step | Second Step| Third Step |Final Step | First Step |Second Step|Third Step Final Step
[ 4] [ 8
A 8 0 0 i 0 0 0 5
+ +
g 3
B 0 0 0 - 0 0 g
Feirs £ 0
> 3:‘;
c 0 2 5 ]2 0 4 8 A A

Fig. 2.1.5 shows the cumulative failures separated by Process
A failure is here defined as Iopo greater than 10 microampers, Icgp 10
micro amperes.

¥nits from Process C contributed all failures of the high. leakage
type.

Temperature and time both are effective but. 500 hours does not pro-.

duce 5X the failure rate,:




/l

2.2 Effects of Temperature plus Voltage

2.2.1 The addition of voltage to the temperature as shown by experiment
343203 and 343204 shows a substantial increase in the median read-
¥ngs and higher percentiles as shown by comparison of 2.2.1 and
2.1.2 tables of Icgo distributions. Fig. 2.2.2 shows 500 bear
temperature plus voltage readings. This is also higher tham indi-
cated in the upper 10th percentiles and above.

2.2.3 <Catastrophic Failure Count by individual processes is showm im
Pig. 2.2.3. Failures began at 250 C in the Process C and almest
doubled due to the 500 How over the 100 hour step.

A rough estimate of 5X time produces 2X failures. This within

the restriction of the small sample size seems app}icable to any
of the 3 processes or all combined as shown in 2.1.1.

Fig. 2.2.3

Temperature Step Stress With Fixed 30V Reverse Collector Voltage

100 Hour Duration 500 Hour Duration
Per Step Per Step
Cell #343203 Cell #343204
2508 € 300 C 340 C 380 C 250 C 300 C 348 C 380 C
ocess |First Step | Second Step|Third Step |[Final Step |First Step|Second Step|Third Step|Final Step
>» , o
o @ both | ¢
A 0 0 0 5 4 0 1(Co Type) |2(Co type)| & s _ |
A1l e £ ALl g 3%
B 0 0 5(C Type)| % B & 0 |1(Cy Type) I5(C, Type)l & E &
(1 C1 Type) (& Cp Type) © 3 * (2°C1 Type) (4 C) Type) © 08 o
c 1(Cy Type) | 2(1 Cp Typep(l C1 Type) igac‘;’ 1(Cy Type)|3(1 C2 Type?9(5 Co Type) g 8o
Fig. 2.2.4 Cumulative Leakage Failures by Process
Temperature Step Stress With Fixed 30V Reverse Collector Voltage
100 Hour Duration 500 Hour Duration
Per Step Per Step
Cell #343203 ' Cell #343204
250 C 300 C 340 C 380 C 250 C 300 C 340 C 380 C

scess Firgt Step | Second Step [Third Step [Final Step |First Step |Second Step [Third Step|Final Step|

w

o

—

N
Destructive

(o)

(o]

&
Destructive

Level
Level




1°2°2 °91d

o ..u.r” ' OE m
o ‘ Jd0J ejeg/qes
R afurI-Jo-1n0
| S SpPnIoUL qou seo(]
Y1 .
\- 74 N PN N
Scom oS T T P00 TET
w el (Bgy 11 uw G 0 D7¢0'0 . et
P ) * o ra H ol P y
mﬂ YTTUER) O [ fe) & 0 0710 |t
X £ st \
FEEyTT 137 23¢ | 0 T ONITIASYT | o1
067 ‘ww e *ON_FATIVINHND
| , Drge06 | vHotIl | o mzeg 6°5T |- WOWIXVIH | 6
, a . : —
DUp*Tg [vng°ce |“vmece L6 TILINAOYAL 66| ©
W QA I X T A R le? A TTTENEEEd 06| L
|
/
| A ALY 5 HET 5 ¢ FIILavE DX | 9
TC "9 9°1 8°0 NWIqaW | 6
g8°0 PARN 40 £°0 TILLAVD 35T
20 8°0 T°0 FAl) TIILNAoddd Ol | ©
T°0 AL T°0 T°0 SILLNHEONEd G| 2
T0 9°0 T°0 1°0 WOWINIW | T
DoDBL Jo0HE U500t Ho05¢ TeTITUL | = TAAET d4IS
§S9004g a9d S3TuUn ([ - SeoLAep Ussoyo ALWOPUEY Ot [ = DNILMVIS SIINO "ON

aJdniteJ Jo MH®>®H¢ TRJIOASS JO Y MOT8q 14nod QoHﬂHH.m..izMu;?HPdggO pue >OW = °0A : SNOTLIANOD SYIE
PO1EOTPUT 9STMISY30 SSPTUN (JNY 6-01) sJtodueoueN UT 080T 40 SHITINIDHAd :SLINA 0801 :Y¥AIAWYYVd
:SHOILIAHOD TVIOAdS

SWON = goxo A 00 =y 0 ot =V ¢-pyous se = {3 :SNOILIQNOO ONIIVHAIO
LOZEHEF 1 1THD pedae , 3 poddaqs
336/ PeSIL* OO T-AOC JO OPEF{OA J0309TT00  :INAWIHIIXT NOLLNATHISIA MAIAWVYV JO SOIISIMILOVEVHD - °  HENOId

POXTL U3 $5943§ doyg Sumyesodusl (QANTEWOD SASSAOOUd TIV)

e - T —— 415 1 o e e

XFAUNS HSNOJSHTY SSHULS TVIIINI FHI A0 XHVWHAS SISXTYNV VIVQ

e B ———— T o TS ey T S8 e e Gtk S e g e Gl el et PRI




AR AT AR Y (ed4y 9 1) (9d4y €)
(edf] g 1) ©8uey Jo 9no
suado 2 eqyeg/yes 1
M epaout epuout
~ 10N s80(Q j0u seoQq . ]
. ‘ 2 s
mwM tZ &m“ Tt uw 4 o [0710%0 el
) = - 8 “w S - __w.ﬁo.o T et
Y UC 7} 4] O\N\ . >
. He) 8 ?«v 4 o | H\o T
= %M T ST DRICTIOYT | o1
& Te) + (e 2 0 *ON FATIVIOHAD
& [Wloot < | wrosgg | iz €y | WINIXVH | 6
x|
5 00T < | odo°gs Yy z 04 FIIINIOWAL 66 ¢
w, To00iC [ v st 2 R TIIINAOEEL 06 | L
& onp*19 2 ome 9°11 €2 TIILEV00 Pl | 9
|
5 6669 €2 [ 4°0 NVIGEW | S
[ .
PAPAT 40 €70 770 TITLHVOO 3IST |
T T°1 G0 T°0 270 TIIiNE08dd Ot | ©
$°0 %°0 T1°0 z2°0 TITINAOYAI G| 2
mlo. mo_o .Hlo Noo : E.DSH.ZHZ f «M\
5.9 | 00 | 9900t | Jg05C | TeTTTUl | = TAANT ddIS
85900ud Jod s1TUm QT - $OOTASP UesOYd Awopuey o€ | = ONILYVIS SIINA “ON

A09 = OA  ‘SNOTLIQNOD SVIE
0g0I : ¥IILAWVHVd

*SHOILIANOD ‘IVIOAd:™

T FWrTiva 40 STAAXI TVEAAAS 20 V MOTA0 INNOD AMYTIIVA GATLVINWOD GHY
" GAIVATON] 3SIAEARIO SSFINN WV 6-01) SHAJWVOMVN NI OOl 40 SFITINAONAA — :s1iun

unoys

BOON ™ = gpox0  AOE =50, 5 WOWS _Vp 5 T ge = L3 :oNOTIIQNOD ONIIVNALO
LY 71D peddeys peddags
dayg /PRSI -IMBE-K0C JO SICTIOR IOTWTIO) : [NaWraixs NOILNITHISIA MAIARVEVA 40 SOILSIMAIOVEVHD  © .- ENNOId

POXTI MTA ssels dayg samesadmwoy
(EENTIEN0D SASSAIOUd TIV)

JFAUNS FSNOJSTH SSTULS TYILINI ML 40 KHVHHOS SISKIVNY VIVA



2.3

2.3.1

2.3.3

Failures due to Power Stress

Failures due to power stress appeared considerably beleow that
which could be expected on the basis of failures due to tempera-
ture or temperatures plus voltage.

From the rated thermal resistivity of the 2N718A speeificationm,
4 watts or 437 C/watt, the junction temperature would be 462 € for
the 1,000 mw dissipation level.

The rating as specified on the 2N718A is so over conservative
that a transistor operated at the 1,000 mw level would be operating
far in excess of destructive levels.,

The 1,000 mw level, however, shows very acceptable performance
due to a much lower actual thermal resistance.

This illustrates one of the dangers of using specification
values which were consistently improved on actual lots of semi-
conductors produced.

Thermal resistivity measured values.

Junction Temperature at different power levels

PROCESS RESISTIVITY 500 mw 670 830 1000

A 276°C/lw  163C 210 255 301
B 284 167 211 261 309
c 286 168 217 262 311

The distribution of Ippy for the 100 hour and 500 hour tread (2.2.1
and 2.2.2) show reasonagle comparison of the distrubutiom fer
300 C temperature plus voltage.

These values are shown on 2.3.2.1 and 2.3.2.2.

Catastrophic failure count by individual processes as showa in
Fig. 2.3.3

When catastrophic failures are counted instead of shift im
the median values, power stress produces a substantially higher
failure than would be expected from thermal resistivity.

Catastrophic failures of 830 mw compares with failures at 360 C
with combined temperatures and voltage.

This can be attributed to the 311-311 C/w thermal resistivity
being an average value and many of the units would have higher
thermal resistivities causing a percentage of units operating at
a junction temperature substantially above the 311’ C.
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The questions involved do require a more detailed study using
the phase II and III larger sample size for comparison and identi-
fication of causes.

2.3.3 also shows a time dependency of failures which was not
so pronounced on all 3 processes with the other experiment.

Fig. 2.3.3

Room Ambient Power Step Stress With Fixed Collector Voltage 20V

100 Hour Duration 500 Hour Duration
Per Step Per Step
500 mw 670 mw 830 mw 1000 mw 500 mw 670 mw 830 mw 1000 mw

ocess | First Step | Second Step| Third Step|Fourth Step|First Step|Second Step|{ Third Step (Fourth Ster
A 0 0 0 0 0 1(C; Type) |4(3 C1 Type) 6(5 CyTys
(1 ) Type) (1 C2 Tyx

B 0 0 0 1 (C Type) |1 (C, Type)1(C, Type) |1(Cz Type)| 2(C, Type
C 0 0 0 1 (C, Type)| © 0 3(2 C5 Type) 5(2 C1Tyr
(1 ¢ Typtj) (3 C2Tyr

Dewice parameter characteristics for the C; catastrophic failure
type for the Cy catastrophic failure type are extremely degraded or
short €-E junction (BVggo <1V) and/or excessive CB or CE reverse leak-

B age current (>100 ya). :

Device parameter characteristics for the C, gatastrophic failure
type are out of range (or approaching such) readings for voltage, satur-
ation amd/or Ig readings for dc gain hgg. In many cases these manits are
opesn.

2.3.4 Cumulative leakage failures by process
This table shows the cumulative leakage failures by praéess

due to the power step stress. Failure is defined as a unit
exceeding 10 uA Ippp-

Failures as indicated by degradation in ICBO follows a
! pattern similar to those indicated by shorts.

\ The failures were more severe than indicated by the tempera-

‘ ture plus voltage test (Fig. 2.2.4) for process A units and less
severe for Process B and C units. This is also an inconsistency

: which will require re-evaluation with the large sample of phase

t II and III.

\

|



Fig. 2.3.4.1

Room Ambient Power Step Stress With Fixed Collector Voltage - 20V

/8

100 Hour Duration

Per Step
Cell #343205

500 Hour Duration
Per Step
Cell #343206

rocess
A
B

500 mw
First Step

9
0

0

670 mw
Second Step

0
0

0

830 mw

Third Step

0
0
0

1000 mw

Final Step| First Step

0

0

1

500 mw

0
0
0

670 mw
Second Step

0.
0
0

830 mw
Third Step

2

0

1000 mw
Final Step

5
0

2.4

2.4.1

2.4.2

2.14'33

Effects of Mechanical Step Stiress

Three mechanical step stress experiments were made,

In general, information produced was too small for interpre-
The results are shown by

tation with any great confidence.

results of each individual failure.

Centrifuge Step Stress Test

The centrifuge step stress consisted of lot 343-207 submitted
to 20, 50, 100 and 150 kg centrifuge acceleration on the X and

¥2 axis.

Failures occurred to 2 units, both from Process C.

Unit C91 failed at first step (20 KG) open due to brokem
Unit C451 failed at step 3 (100 KG) due to broken
This unit is shown in photographs para. 3.6.%.2.

lead bond.
lead bond.

Such failures were consistent with the miero cracks found in

Process C un

its.

Lot 343-208 Shock - Vibration Stress Units were given 20 blows of

shock of 300

0G

.2 m sec on 6 planes.

This was followed in step

2 by vibration in each of 6 planes for 10 minutes at 409 1.5 keps.

Unit No. C485 showed hugh Iopgp leakage of end of step 2.

There is no clear understanding if this change was asseciated

with vibrati

Lot 343-209 Vibration - Shock Step Stress

OnN.

Similar changes occurred in storage of these units.

The two steps of 343-208 were reversed in this test to learn
if shock would weaken and vibration destroy or if the opposite

reaction wou

1d oceur.



2.4.4

2.4.5

205

2.6

Unit C78 failed high leakage at the initial test. This tends
to confirm the conclusion of previous tests. Unit C325 showed
high leakage after vibration.

Conclusions

The use of mechanical stress in the levels shown does met
cause sufficient damage to be detectable on units other than
those that are structually weak.

The more detailed work of phase III may show a small perceant-
age does shift,but this was concealed by the small sample tested.

Work Unfinished

The 3 process C units which failed during or prior to the
mechanical stresses will be submitted to the next lot of failure
analysis. This may aid in learning if the stress acted to
increase the characteristic cracking under lead bonds that was
reported as a dominate failure mode in para. 3.8.2.3.

Conclusions found in Stress Experiment

Phase I of this experiment had a primary purpose of finding
any inconsistency in Phase II and III of the program as planned.

The details shown in this report do give some ideas ef the
final result but are not conclusive in most aspects. The follow-
eonclusions can be made from the data presently available:

1. The experiment as planned should provide a sound understanding
of the merits of the screening method proposed.

2. The chosen stress levels and times should produce adequate
failures to provide good confidence in the results.

3.: The relation between reliability and failures, to any one
fixed set of limits is a complex relationship which is not
conclusive when making direct comparison between semiconductors
manufactured by different processes.

4, The efféct of time varies in each of the three processes and
: each of the three electrical stresses employed.

5. The acceleration factor due to temperature is not a constant
but varies for each of the three processes,

6. Voltage effects differ for each of the 3 processes.
Future Analysis

1. The differences in 3 processes in response to time and temper-
ature can be due.to basic differences in.the processes or can

be due to the inclusion of different percentages of units ~ ~
containing a particular failure mechanism. Analysis will be

conducted on the larger sample sizes to establish this relation.

/9
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2.6 Future Analysis (Cont.)

3.0
3.1

3.2

3.3

2. Review of preliminary data from Phase II showed an uncontrolled
variable which may explain some of the inconsistances. This s
the time between temperature stress and test. Process A has
been shown to have a substantial difference when tested with a
long delay rather than a short delay.

A supplemental experiment using the mechanical and power test
survivors from phase I is being planned to determine the anature
of this variable.

Failure Analysis
Purpose

This section covers reject analysis and includes a review of
the failure analysis procedure. Details of failure mechanisas and
class code system was explained in Quarterly Report No. I.

Procedure

Units which showed failure or marginal results were removed
from the test and submitted to elecirical failure analysis.

Each failure was classified by the class code which was mest
applicable to the particular failure.

Units then were submitted to the stresses, and mechaniecal,
chemical, or spectrographic analysis where indicated. Photographs
were made of all types of failures visible under the microscope
or on the curve tracer. This report covers the specific details
of the failures.

Additional Failure Class

Failure class code (h) was used to identify a failure mechanism
characterized by an open collector.

20
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3.4 Faillure Conditions Observable on Curve Tracer

IV/Sq.

T

4
+
-
-
-

iuH 6‘0%1&$Qﬁ»0464t0‘&w~—&-—-»—.~——-——,.,

S5q.

P

Fig. 3.4.1 - High ICBO due to surface
defect.

IV/sq.
Fig. 3.4.2 - Leakage

due to internal defect.

20 MA

Fig. 3.4.1 shows high ICBO as
indicated on a curve tracer. This
leakage was due to a surface fail-
ure. The shape of the curve at low
voltage is characteristic of surface
failures.

The conditions which cause surface
failure of this type are reversable.
The unit can be recovered by a high
temperature bake with the transistor

cap removed.

Failure Class a/b

Fig. 3.4.2 shows a unit having high
ICBO due to an internal defect. The
difference between this and the previ-
ous curve is a soft exponentially
increasing current as opposed to the
saturating nature of the previously
described surface leakage type.

This type of failure condition is not
reversable and must be verified by

mechanical examination.

Failure Class c




A2

Fig. 3.4.3 shows the trace of ICEO
of a cracked unit. Several stepped
noisy breakdowns are sometimes seen

with cracked units.

=

Sq. Failure Class d

20V/1 sq.
Fig. 3.4.3 - Cracked Unit.

This picture shows the effect of
badly degraded hpp. This is due
mostly to a surface failure type b
(e - b junction). This is usually
reversible by heating as the surface

S5q. recovers.

Failure Class b

1V/Sq.
9 Steps .02 MA

Fig. 3.4.4 - h__ Degradation

FE
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3.5
3‘3501

3.5.2

3.5.3

3.5.4

3.5.5

The previous examples show the results of the first procedure
used in failure analysis. This information combined with the

test data shown on the analysis sheet such as Fig. 3»7.1)

front of analysis sheet showing life data and 3.7.2 reverse of
arialysis sheet showing observations required for complete classi-
fication of failure mode. These are included at end of 3.7.

Other Analysis Methods.

Visual Failure Analysis

The next procedure used in failure analysis is visual examination.
This is done by removing the cap of the transistor and examination
under a microscope. Many of the conditions causing failure are
visible as shown in the series of pictures in 3.6.

Reaction to Gas

The units also were opened and subjected to Np, Op, air, or HZO

as a means of further identification of failure mechanism.
Analysis by Bake

Units were alsc baked at 200°C or 300°C to det&rline if effects
were reversible.

Re-test of noise after recovery by baking

Units which recovered by the high temperature bake were re-tested
for noise, Noise partially recovered on some units but evidence
is inconclusive. This will justify a more detailed- study.
Electrolytic Procedures

Suspected cracks and crystal damages under lead contacts were made
visible by electrolytically dissolving gold wires and aluminum con-
tacts in a high pH KCN solution. Any physical procedure to remove

bonds may in itself cause damage which masks the original defect.

23



3.5.6 Examination by Luminescence

3.5.7

3°508

Examination for micro-cracks or micro-plasma was made by observ-
ing the transistor under a high power microscope while passing
high reverse currents. Frequently, this procedure reveals glow-
ing micro-cracks or micro-plasma (hot spots) which would not be
visible otherwise.

Cap Discoloration

Observation of the interior of the cap may show discoloration which

can be used as a clue to the failure type. Discoloration indicates

presence of an oxidizing gas.

Mags-Spectrometer Analysis Gas Analysis

Nine units were submitted to gas analysis by the mass spectro-
meter to determine differences in the gases present in the cap.
Figo. 3.5.8.1 and 3.5.8.2 show the reports returned from the spec-
trometer.,

One process ¢ unit submitted as a control sample proved to be a
leaker, as indicated by a 0 gas volume after the spectrometer
containing the unit had been pumped down.

Larger numbers of failures due to phase II and III tests will per-
mit better correlation between failure mode and gas present in the

cape.

2%



MASS SPECTROMETER ANALYSIS

'SampleNo.-f. e ) . R File No. 7

Sample Description- .‘ ' S ' : Charge No. hlh-5700-7003

‘l‘ransistors - R ; »;Submi'bted 'by- A, Poa

/ ;:.. : ’ Bldsc . 7’ mec.Park

‘ .Moie Percent

Tremsistor No. . 0p  H0 Np/CO  Ar CO, - Liter- '

- Microns -

Akﬂ.196°°f‘tr°,14 o o 98.2 o.ohv’.;"l.'(‘ f‘f‘,v;:}';zh.’(r-}f‘

0 0 9.7 030 0 220

Ieaker - No Analysis'

0 ; o 09 99. 7 0.02 0.2"

'l‘race

98 1

 0'

| March 19, 1964

| MATERTALS & PROCESSES 'IABORATORY:; o
Building 3, . 13, Bxt. 3139
Electronics Park = S

© FIGURE 3.5.8.1

IR HAY
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MA GTECTUROMETER ANALYSIS

Sample No. File No. {f

Sample Description: Charge No. 414-5700-7003
Transistors, NASA Contract 8-11059

Submitted by: A. Poe

SPD, Eng.
Pransistor : Carbon Liter
No. Water Nitrogen Oxygen Argon Dioxide Microns
A 323 0.06% 7.7 21.2 1.0k - 16.7
B 329 0.2 99.4 - 0.2 0.2 22.7
C 83D - 98.7 - 0.2 1.1 bi,1

! .\/‘
Date: Feb. 21,1964  Sigred: . (}t\&_}—ﬂl’QﬂY‘—\
: - 7 {

MATERTALS & PROCESSES LABORATORY
Building 3, BRm. 13, Ext. 3139
Electronics Park

FIGURE 3.5.8.2
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3.6
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3.6.2
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Spectrographic Analysis Results

Spectregraphic analysis of the pellet was made on 2 units to
determine the presence of Germanium in the pellet mount alloy.
This would help to explain the failure by open collector under
high temperature stresses because of the lower melting point of
germanium -~ gold alloys.

A small amount of germanium was present in the Process B mnit hut
not in the Process C unit. (See Figure 3.5.9.1)

Failure results as shown by photographs.

Some but not all failures produce results visible on a photograph
made directly of the open pellet without treatment such as etch-
ing and other processes.

This seetion shows photographs such as can be seen without the
special techniques.

Any individual failure may be due to a combination of effects;
some visible on direct viewing (or photograph), others visible
after special treatment and still sthers which are more easily
understood from other types of measurement.

Failures -~ Class C |

Bulk degradation failures may be characterized by high ICBO, soft
BVCBO curves or breakdowns at low voltages.

This failure type occurs most frequently on a reserve bias test
under very high temperature conditions and may develop in use if
power surges from power supplies occur.

The defect may initiate at some internal defects wS micro-crack
site. A localized alloy spot frequently is located under the
aluminum ring area.

Severe thermal runaway may occur at the localized area.
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KD 43224 000 GENERALD ELECTRIC

| - MATERIAL & PROCESSES LABORATORY
DATE ISSUED 3/ f/ <A VENDOR Las #_21660
" "HARGE # DWG, PART, HEAT OR SIZE Qry. (et
PURCHASE # ‘ SPEC. NO. MATERIAL

PLEASE PERFORM THE FOLLOWING SERVICES: @ gﬁsm,o/c o f 346

ylj"/)()c;. /‘rut} r< Fln'g Qe d ’yf/‘j .

. By Ke, G678 :
UNIT # DEPT. # J AP / SIGNED /Va s s /é/C’///.’/)C_/ #

(Foreman issuing order)

LABORATORY COMMENTS:
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Reject Code C

Figure 3.6.2.1

Figure 3.6.2.2

27
Unit: A 257 Lot # 343201

Stress Type: Temperature Only
Failure Step: 4 at 380°C
(Theoretical 100% Failure Temperature)

Reject Code: C

Gold of B-lead alloyed into the Si e¢b

short.

b - opened; (e - opened during test)

Unit: A 527 Lot # 343206
Stress Type: Power
Failure Step: 2 at 670 mw 20V

Reject Code: C

l. Gold of B-lead alloyed into Si
cb short.
2. b melted open. Au diffused deeply

into Al ring (up to point 2).




Figure 3.6.2.3

Figure 3.6.2.4

36
Unit: Ch4l Lot # 343201

Stress Type: Temperature
Failure Step: 2 at 300°cC.

Reject Code: C

Crack under base lead (visible) - con-
firmed by electrolytic solution of

contacts.

Unit: Cl122 Lot # 343201
Stress Type: Temperature

Failure Step: 2 at 300°c.

Crack under base lead (visible)

. 2.




Unit: C209 Lot # 202 3/
Stress Type: Temperature
Failure Step: 3 at 340 C

Reject Code: C

Cracks under the base lead bonding
(visible here after dissolving electroy-

tically gold wires and aluminum ring).

Figure 3.6.2.5

Unit: C180 Lot # 343201
Stress Type: Temperature

Failure Step: 3 at 3#0°C

1. Crack under the base lead (visible
after dissolving of the gold lead).
2. Black spot is an alloy defect site in the

base ring.

Figure 3.6.2.6




Figure 3.6.2.7

Figure 3.6.2.8

3

Unit: B 150 Lot # 343203
Stress Type: Temperature and Voltage
Failure Step: 3 (2) at 340%and 30y
Reject Code: C

Bulk Degradation b - ¢

Magnification of the Failure Spot.
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3.6.3 Failures Class d
Class d failures are characterized by CE shorts or low breakdown
voltages limited by CE punch through, BVCEO double switch backs
also fall in this category. This failure type occurs most fre-
quently on power dissipation and can be caused by voltage surges
in equipment.
The failure can initiate in a defect site or microcrack in the
emitter aluminum area. An *"N* doped alloy spot penetrates down

through the base and eventually into the collector.



Reject Code f (opens)

B4

Unit: C529 Lot # 343204
Stress Type: Temperature & Voltage
Failure Step: 3 at 340%+ 30V

Reject Code: f1

l. The emitter wire is open, due to
brittle Au-Al compound ("purple
plague®) formation.

2. Probably cracks visible.

3. Indicates base-aluminum ring poorly

processed.

Figure 3.6.3.1

Unit: C457 Lot # 343207
Stress Type: Centrifuge
Failure Step: 4 at 150 KG

Reject Code: (1

l. Emitter wire of pellet at Al-Au

interface.

2. Al base-ring badly scratched.

2a. Foreign material on pellet (not

into the junction).

3. b-c junction goes into the edgze (does

Figure 3.6.3.2 not occur as failure at this test).

L, Oxide defect into the e-b juncticn.




Figure 3.6.3.3

Figure 3.6.3.4

35
Unit: 72 Lot # 343204
Stress Type: Temperature & Voltage
Failure Step: 3 at 340%+ 30V

Reject Type: £3/a

1. The emitter wire is broken due to
Au-Al brittle compounds diffused
up into the wire.

2. "Purple Death™ in base.

3. Scratched Al base ring.

Unit: B 405 Lot # 343203

Picture of one of the weak post connec-
tions of the B-units.

Wire almost cut through due to excessive
bonding pressure. Reason for most rejects
of B process using Al wire: fi4

Al wires are bonded to Au plated posts.
Many units of type B exhibit overbonding
at these points. The very thin Al wire
sections resulting are very susceptible

to Au diffusion at high temperatures and

break off easily under relatively mild

stresses.




Figure 3.6.3.5

30
Unit: B 383 Lot # 343202

Stress Type: Temperature

Failure Step: 2 at 300°c.

Reject Code: fk4

Very weak post connection (not visible
here).

The crack in this case did not cause
failure because it did not extend to a

Junction.



J7
Unit: C160 Lot # 343201
Stress Type: Temperature
Failure Step: 2 at 300%c.

Reject Code: d

1. Crack in emitter - collector.

2. Note aluminum base ring is scratched
over the b-¢c junction. However, this
is not responsible for failure of this

device.

Figure 3.6.3.1

3.6.4 Failure Class F
Class F failures are characterized by open wire connections at
different places and for different reasons. Opens may occur at
the pellet Aluminum-Gold interface due to formation of brittle
Au-Al compounds (f-1). Another class of opens occurs at posts
due to bonding under poor conditions (f-4). Failures caused by
the wire melting open during very high temperatures during ther-
mal runaway conditions are classified (f-5).
Poorly alloyed aluminum contacts may tear open under stress - f-2
failure Severely overbonded gold nailhead or TCB bonds are easily
penetrated by Aluminum from the underlying contacts, under high

thermal conditions and result in broken wires - (f-3).
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Representative Analysis Sheets for Failure Analysis

The work sheets used for several of the most interesting
failures are included as Fig. 3.7.1 - 3.7.12. These sheets illus-
trate the many steps used in determining each form of failure.

Full explanation of each of these steps would be too complex
and detailed to be justified as a part of this repert. The total
number of work sheets on hand also is too large to include as a
part of the report.

All test sheets are available for analysis where circumstances
indicate a need to review the data.
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SUMMARY

— /
1. Failure Mode: - Jem ohsve des 7 /m/ c’f'/ q/e'//t.‘(
2. Reject Code Type: C /ey ((yf(/ /p.f/,,;¢ s ”/ /:V/“f
3. Failure Analysis Procedure: See below.

4, Failure Mechanism/s, basic cause/s and conclusion/s:

5+ Recommendation/s for corrective action:

A

/ FAILURE ANALYSIS PROCEDURE

Jebo > bae g

_— . 5 o
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ENGINEERING:
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Reject’ Analysn.s Engineer - Quality Control - Reviewed By - Project Engineer
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3.8 Summary of Results of Failure Analysis
3.8.1 Tabulated Results Per Failure Class

(See page 14 - 23, First Quarterly Report for definition of failure
classes.)

FAILURE CLASS PROCESS A PROCESS B PROCESS C  TOTAL
a. C-B Surface Degradation 7 0 4 10
(See Below)
b. E-B Surface Degradation 1 3 0 L
¢, C-B Bulk Degradation 2 2 11 15
d. C-E Bulk Degradation 0 0 3 3
€o E-B Bulk Degradation 1 0 0 1
f; Open (Intermetallic) 0 0 4 8
f3 Broken Wire 0 0 3 3
f), Open at Post 0 4 0 4
h  Open Collector 0 5 2 7
Indeterminable 1 0 0 1
TOTAL -==w- I;— IZ_ ;;— -;;_

In the table failures were identified only by the dominant failure
though 2 or more types of degradation of failure did exist in the same
device. This gives an unbalanced impression of Process C, particularly
where failure type (a) was present in a substantial number of failures.
The 4 units indicated as surface failures did not show effects of other
failure modes in amount sufficient to classify by the other mode.

3.8.2 Dominant Failure Mode for the Different Processes

3.8.2,1 Process A

Surface failure (a) is the most prominent failure mechanism.

The second failure mechanism (c) collector base bulk degradation
is due to the gold of the base lead migrating and alloying into the
pellet so as to short collector to base under the extreme thermal
conditions under which the units were subjected.

The validity of use of the high temperature failures as repre-
sentative of over reliability is questionable and will be carefully
reviewed throughout the project.
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Process B

Failure Class (fk) is due to weak lead bonds in bonding the
lead to post. The use of aluminum wires increase the problems
in this area but decreases the other problems of intermetallic
formation (see para. 3.6.4.4),

Failure Class H occurs when the pellet seperates from the header.
The relatively high rate of failure under accelerated thermal
stresses may be due to the use of a lower melting preform for col-
lector bonding containing Germanium.

The validity of the use of an acceleration factor as index
of reliability based upon this type of failure is guestionable
requiring careful review throughout the project.

Process C

Failure type (c) collector-base bulk degradation was the
most prominent form of failure and mostly identifiable by the
presence of micro-cracks under or near the connections. This
is probably due to excessive lead bonding pressure. Tempera-
tures above normal operating range may be necessary to develop
the cracks.

All failures in type (c) showed some degree of type (b) E-B
surface degradation (hfe degradation). These units are most
sensitive: to gain degradation under conditions of the test.

Failure type (fl) open lead bonds due to intermetallic for-
mation also was present in Process c.

Noise Experiment
Purpose of the Experiment

The noise experiment is an evaluation of the hypothesis that a
noise test can be used as an indicator of reliability or as a
means of screening tramsistors to improve the reliability.

The experiment was planned to draw a clear distinction
between the noise which occurs after a transistor has developed
some form of degradation:and the noise that may be detectable
in a transistor and related to a failure mechanism which is not
detectable by other more conventional tests.

The experiment completed in Phase I was designed to provide
a sound basis for planning the experiment of Phase I1I & III.

Factors which affect the complexity of the experiment.
a. Noise which is occuring in a transistor is a measurable

value which can, if sufficiently high, be a cause for rejec-
tion of the transistors as a failure.
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b. Noise also may be correlated directly to high or low
values of other parameters. These parameters may be
degraded and an indication of a failure of the device (high

IcBOs IEBO’ Low hfe, etc,).

c. The evidence of failure of a device such as open, shorted,
etc. can cause a decrease in noise for obvious reasons giv-
ing the opposite cause and effect relationship.

d. Noise which correlates directly to some other measurable
parameter such as 2 and 3 is of little value as a predictegr
of reliability. Normally noise tests will be more difficult
than other tests and a poor substitute for the other tests.

e. Noise can be due to parameters which have no relation to
reliability as well as due to parameters which are related
to reliability.

f. The noise due to parameters unrelated to reliability can be
of sufficient magnitude to conceal the noise which is due to
factors which are related to reliability.

g. Under the conditions of (f) above, it is possible that screen-
ing units to a noise limit may eliminate more reliable units
than unreliable units and result in a decrease in reliability.

Summary of Results to date

A noise test at high frequency (100 KC) shows little or mo relation
to reliability (Section 4.6).

Low frequency noise (100 cyele or 1,000 cycle) can be more produc-
tive in improving reliability but is effective against mechanisms
which may not be present in transistors produced by all processes
(Section 4.7).

Measurement of noise at low current increases the difficulty of
measurement as noige meters are less sensitive, have a higher
background noise and readings have a greater percentage tolerance
than at higher currents (Section 4.5).

Measurement of noise to any predetermined level may reject more
good units than bad units and cause a decrease in reliability
(Section 4.6.7).

The tests to date indicate that a more detailed experiment using
larger quantities is well justified.

P



4.3 Brief Introduction to Noise Theory 34

4.3.1 The experimental procedure is complex due to the complexity of ‘
the noise relations within a transistor.

A brief review of noise theory, an equivalent circuit and review
of the noise measurement are given to provide a basis of explain-
ing the procedures used (reference (1), Van derZiel) provides a
more detailed exploration of noise in semiconductors.

Noise is inherent in all electrical circuits and is due to the
atomic nature of matter. The noise generated in any conductor
or resistor cornsists of more or less amounts of spontaneous
fluctuation in voltage or current.

Noise in semiconductors is due to several different mechanisms.
Some of the nolise sources are not related to effects which canm
have a relation to degradation or failure. Other noise sources
possibly can be related to failure.

It is the purpose of this experiment to isolate the noise from
different sources, identify those which may be related to degrad-
ation, determine roughly the amount of improvement possiblie, find
some correlation between noise frequency and failure and lastly
identify the failure mechanisms with the noise.

Phase I of this experiment covered in this report is intended
mainly to determine if the experiment of Phase II and Phase III
will be as effective as possible.

4.3.2 Types of Noise Present in a Transistor

There are three different broad classifications of noise in a trans-
istor: fligcker noise, shot noise and thermal noise. These three
different noise types differ in their frequency range. Flicker
noise (also called I/F noise)is highest at low frequencies and
decreases with frequency.

Fig. 4.3.2 shows the approximate relation as generally under-
stood.

F.
2

NOIsE
GCURRENT

(o]

1o ke (frequency)
Fig. 4.3.2 Noise Spectrum
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Thermal Noise

' This type of noise is generated in an ohmic resistance and does

not require external excitation. Thermal noise is due to the
thermal agitation of the carriers in the material. This motion
of changes is completely random and therefore the noise spectrum
is completely uniform throughout the frequency range until attenu-
ation due to capacity causes a fall off in gain of the transistar.

Thermal noise increases with temperature and band width. Since a
transistor has resistance, it has thermal noise. Thermal noise
can be represented by an equivalent circuit consisting of a voltage
generator in series with a noiseless resistor.

R
D> g g

Fig. 4.3.3'1
Shot Noise
This- type of moise is also due to the discrete particle nature
of charges. Current which flows through a transistor is not com-
pletely uniform due to the random diffusion of minority carriers
and to the random recombination and generation of charges.

This process is also completely random and has a uniform noise
spectrum similar to the thermal noise (white noise).

Shot noise is proportional to the number of carriers; i.e. to
the current flow, and to the temperature and band width.

The equivalent circuit for shot noise current can be represented
by a constant current generator parallel to a noiseless resistance.

C?
R S?‘L”

Fig. 4.3.4.1 Shot Noise Equivalent Circuit

Flicker Noise

This type of noise exists in addition to shot noise and thermal
noise. Flicker noise occurs mostly in the low frequency region.
Flicker noise has the 1/F frequency relationship.

: N
Flicker noise can be divided into two causes. One w&uld be sur-
face leakage and the other internal leakage. K
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In general as reported in literature, the flicker noise is not
clearly understood but some thinking is that the flicker noise

is due to the traping of carriers due to charges on surfaces.
Flicker noise has been reported due to the conditions at the eon-
tacts also.

Flicker noise distribution is mostly in the region up to 10,000
cycles. Above 10,000 cycles the flicker noise is masked by shot
ahd thermal naise.

Equivalent Noise Circuit of a Transistor

The various noise generators are incorporated into an equivaleat
noise eircuit. This shows one arrangement of the noise in a
transistor.

All the noise sources in one element (base, emitter, or collector)
are represented by a single noise voltage generator in each trans-
istor leg.

In addition, a noiseless resistance Ye or‘fc represents the ohmic
resistance of the emitter and collector junctions respectively,
Yb represents the ohmic resistance between the base contact and
the junction.

The current generator <A_ie represents the transfer of current
from the emitter junction to the collector junction across the
base region.

This simplified circuit shows the distribution of the different
noise sources in the transistors.

:I:C&Le
re
6——@_"'\/\/\, ¥ SAAAY Q
E
Ce le e, C

e

€h

B

Fig. 4.3.6.1 Noise Equivalent Circuit

:Nolse Meagurement

Test Conditions

Early in the investigations, the cost of noise measurement vs the

potential information, was reviewed and it was expected that measure-

S

ment of noise current over several points would produce more information
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4.4,1 Cont.
than making the same number of measurements of noise current and
noise voltage.

Noise measurements were made by two different "Quan-Tech Noise
Analyzers™. One was a modified Mod. 310 and the other a Mod. 310B.

The ranges of the two instruments are shown below:
MOD. 310 MOD. 310B
Test Frequencies 1,000~, 200 ~, Band Width 100~, 20 ~, Band Width
10,000 ~, 2,000™ = * 1,000 ~, 200~ % ]
100,000 ~, 20 KC " » 10,000 ~, 200~ * -

Min. Ic 100A S VA
Max. Ic 30 mA 1 mA

Initial readings were made at the following frequencies, voltages,
and currents.

Ic = 54A - Noise current at 100, 1000 and 10,000 cycles.
} Jc = 30 mA - Noise current at 1,000, 10 KC and 100 KC.
! L.4.2 Test Cireuit

Fig. 4.4.2.1 shows a simplified circuit diagram of the noise
analyzer.

The transistor under test is powered in @ conventional manner
so that Ic and Vgg are adjustable over the stated range.

The collector contains a transformer connected to the outp&t
amplifier,

Variations in gain of the transistor under test are compensated
for by a variable gain amplifier which follows this transformer.
To control this gain for a uniform gain at the output, a 4 k=
oscillator provides a constant signal across a 1 ohm resistor in
‘ the base circuit.

This signal is amplified by the transistor under test and the vari-
able gain amplifier. The 4 lce is filtered out and used to con-
trol the gain.
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Fig. 4.4.2.2 shows the complete block diagram of the transistor
noise analyzer. Both noise analyzers use the same principal and differ
only in power supply and frequency ranges covered.

4.5 Noise Measurement Coverage

Informal reports by other investigators both at GE and outside
indicate that there are good reasons to believe that a relatiom
between neise and reliability exists but no reports were found

where the relation was successfully proven as a production technigue.

This section covers some of the practical considerations which
PN determine the methods necessary.

4,5.1 Noise vs Frequency and Current

Fig. 4.5:1.1 shows the average noise for each process at the
six measurement points taken.

The-relation between noise at one frequency and another varies
for the three processes. Higher frequency tests show less infor-
mation due to lower values where instrument noise level and read-
ability become serious problems.

Fig. 4.5.1.2 shows a computor distribution run out of the noise
at two different levels and times. The first distribution shows
the effect of the poor readability at low levels where the noise
which could be associated with a failure mechanism (if such
exists) would be concealed by the natural noise due to thermal
and shott effects.
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" FIG. 4.5.1,2 EFFECT OF INSTRUMENT READABILITY
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Fig. 4.5.1.3 shows a plot of noise variations with collector
current. This shows convergance indicating that values under .1lmA col-
lector current would be useless at 10 KC and 100 KC. Values at 100 KC
would be more useful at the 30 mA range as origimally planned, at 1 mA,
the 100, , 1 XG and 10 EC would be useful.

4.5.2 10 KC Noise

Data on noise and other parameters was examined and calculations

made to determine if the 10 KC and the 1 KC noise at high current
would produce more useful information than the use of 1 KC noise

at two different current levels.

From this study, the amount of data seemed much more valuable at
1,000 cycles. Variations at the 10 KC seemed proportionate to

the 1 KC signal at a single current, but the 10 KC would be sub-
jected to greater error due to readability and background noise.

The elimination of 10 KC noise would decrease test time and per-
mit a total of 16 items on a single computor run.

4.5.3 Reading Fluctuations

Operator time proved to be excessive for the programed time of
the complete project. Two reasons were found. At low frequencies,
the noise meter showed wide fluctuations of reading.

It was necessary to use caution to observe the variations of the
meter and mentally average each reading over a few seconds.

This factor will present a serious problem in the production use
of any noise measurement.

ation may be closely associated with
failure mechanism and results from the 1/f nature of Flicker noise.
Second reason for delays was because tests were manual and only
two pieces of equipment were available to handle this contract plus
all other tests.

Fig. 4.5.3.1 shows a dc recording made by the project engineer
in 1960 as an interesting detail incidental to the objective of another
reliability investigation. The investigation was made in GE but in
another department. This curve shows the dc¢ nature of noise on the most
obvious of about 100 such traces all of which showed the same effect in
lesser amounts.

The trace represents the dc shift at a sensitivity of In = 10
picoamps per division. Scale range is 1 minute per inch. Such a noise
reading would show readings from 5 to 45 pA peak during any one minute
observation.

Use of equipment of this kind was not possible in this investi-
gation as substantial instrument development costs and capital invest-
ment is required.
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4.6.1

“5

Suitability of Revised Program

The revised Ximits and procedures should show with reasonable
confidence if a noise test will aid us a means of eliminating
units likely to fail.

The changes should improve resolution at the low frequency end
without eliminating the distinction between low current and high
current.

The increased sample size should permit more useful failure criteria
than was possible on the initial experiment.

Preliminary Results of Noise Experiment

The initial step stress experiment was so limited in sample

size and the complexities so great that some acceleration method
was necessary to determine the factors necessary for adequate
re-design of the future experiment.

End point contraction as an accelerating method.

Much useful information can be expected from the use of restricted
end points as a means of gaining knowledge.

The following experiments were conducted by analysis of the data
using the following end points. These end points approximated
limits between normal initial limits and normal end of life
limits as used on life tests generally.

Special Noise Failure Limits

-Min. Max.
Iopo @ VCB = 5V 20 nA
Icpo @ Vep = 60V 20 nA
Igpo @ Vg = 5V 20 nA
Icgo @ Ve = 5V 20 nA
BVopo @ Ic = .1 mA 40 v
VCE(SAT) @ Ip = 5 mA, Ic = 50 mA .08 375V
Vag(sar) @ Ib = 5 mA, Ic = 50 mA .75 .810 V
hpg @ Vop = 5V I. = 20 mA 150 350 Ax

*Ib for Ic = 20 mA
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(Cont.)

The validity of the results obtained by end point reduction is
such that the results should not be interpreted as positive or
final. However, this technique does simplify the determination
of many of the factors involved without large scale experiments.

The combined results of the noise experiments are shown by the
following table for each test.

In this table a noise limit was also arbitrarily selected which
would represent the upper level of each noise distribution. Thus
noise was somewhat out of the indicated noise distribution envelope
and represents units which were questionable in noise level.

Noise limits used to classify unit as high noise:

100~5 & Max. 4.0 pico amperes
1 KC 5mA | " 2.0 pico amperes

1 KC 30 mA " 170 pico amperes
10 KC 30 mA " 60 pico amperes
100 KC 30 mA " 22 pico amperes

The table shows the step number where the transistor exceeded
either the set of limits for being out of limits (contracted limits)

- or out of normal noise distribution.

4.6.202

40603

Fig. 4.6.2.1 shows the tabulated results of the first step stress
lot 100 hour temperature test 343-201.

Results if noise is measured at the initial test.,

Three units tend to confirm that a noisy unit is an unreliable
unit.

No. A33 showed high noise on Test 1 (Initial) and failed hpg on
second test (after first 100 hour stress).

No BlO4 failed initial test ét 1 KC and at 10 KC. This unit
developed high Ippy at end of first 100 hour of stress. No. C62

showed high noise at first measurement and later developed leakage
on the 4th measurement (after 340°C stress).

This shows that three bad units were detected by a noise test, but
not by original tests by other means as defined by the 2N718A speci-
fication,

Validity of above notes

This analysis leads to several doubts which need further investigation.
Each transistor in this lot was submitted to the temperature stress only.
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It may have been noisy due to a mechanism which required voltage
also or power as covered in the experiments shown in 4.6.4,
analysis of the other lots.

There may be several variations of the failure mechanism associated
with noise each accelerated by a different stress or combination
of stiresses.

It is necessary to think in terms of a noisy transistor having a
greater probability of failure and not rely for proof the fact that
a transisior or small sample did not fail a given experiment.



FIG. 4.6.2.1

Test 343-201, 100 hour tread temperature step stress.

1 = Initial Reading -- 2 = 250°C - 3= 3oo°c -— 4 = 3l+o° c

63

— s, 0 Rumber 5’3‘8";}1(_1 WHEN NOISE INDICATES FAILURE
NO. 100~~| 1KC |1KC [LOKC | 100KC | Irpn Ieno | IR0 | Icro | BVCEO | VCE(SAT) VBE(SAT) | brE
erial PPos. 5V |60V
1 1
2
3 1(2)3 1 1 2
i
5
6 3 3
7
8 23
9 2
10
11 | 1 13 o
12 | 3 1(2)3] 1 23
13
14 4
15
16
17
18 (123 3 Jj123123% 1
19 3
20
21 |13 ( ? 12 1 4 4 4 4 ﬁ
22 3 2) 3 3 3 3 3 4 4
23 3 3 (2)3(f) 3((2)3 [3 3 3 3 4 4 4 23
24 3 4 4 4
25 [2)3 W(2)3| 313 |3 (3 |23 |3 |3 | 4 3 3
26 3 3 3 4 4 4 4 3
27 3 (2)3 313 3 3 3 3 4 4 L4 3
28 3 ((2) 3] 313 3 4 4 L i 4 4
29 (23 3 3 3 3 3 3 3 4 4 4 3
30 3 3 3 3 3 3 4 4 4




Three units A-3, B84 and B421 showed high noise on the initial test
but did not fail due to temperature stress.

“’.6e3 02

4 6.4

Noise conditions may require activation before noise becomes
useful as a predictor.

If noise conditions are associated with any phenemenon involv-
ing surface charges or ionization, it is very possible that
noise tests on a unit which has been idle for a long period
may not be as useful as a predictor as noise tests made after
stresses.

Examination of Fig. 4.6.2.1 shows more units having noise after
first stress than before stress.

In this case the units exceeding noise limits and later failing
other test limits are shown by the (.} around No. 2 or step
where noise levels are exceeded.

This shows a much better prediction but also is inconclusive
because noise detection by this means is mainly improved by
detecting process C units which emceeded the limits shown.
This can be due to a normal shift of the population or by the
fact that these were failing anyhow.

Results as applied to other tests.

In the next test as shown by Fig. 4.6.4.1, there was no units
in Process A which showed prediction by noise measurement.

Process B showed some definite trend to confirm detection by
either initial test or noise test after first stress.

Process C showed failure of most units by the definition for
this study) and this leads to no definite conclusion.

Fig. 4.6.4.1 repeats the results of the 500 hour temperature
only test. In this case, however, voltage plays an important
part in the degradation so some different mechanism may be
activated.

The remaining tests showed similar inconclusive results though
the three processes differed considerably.

Process A almast no predictability.
Process B possibly failure rates would be improved.
Process C failures too high to justify a conclusion.
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FIGURE 4.6.4.1

TEST - 343 202 500 hour tread temperature Step Stress
. . e 300°C
1 = Initial Reading 2 =250 3=
Number Shows
—SpAh— 30 mA——
-
No. . o
rial Pos,|100~ (1KC | 1KC 10KC  |1O00KC |IcBo |IcBo|Igpo|ICEO|BVCEO [VCE(SAT) |VBE(SAT) [WFE | Ren
i sv | é60v
N I | s Z 3 31 2 )
15 2 3
24 3 23 27
B4 4 23 11 2
56 5 3] 12 3
s I 6 123|123 p2
70 7 3
T86 8 23
20 9 1231123 Jr2
48 |10 23 23 2
490 11 3 123
55 |12 23 3 |
06 13 3 :
63 [lhf12 |1 123 2 p3 12
is6 15 3
70 16 3 éopnen)
83 17 |2 1 123 23 |12
32 |18 |1 1 123 12 125
70 |19 1 31
00 (<201 1 3
9 2l 3 3 3] 3 3
9 22 3 3 3 3 3 3
o1 |23 3 3 3 3 3
09 |24 3 23 1 2 3
15 (25123 (12 23 3 3 3 3 3
2 26 3 3 3 1
81 |27 3
B3 (281 2 123{123{123 {12 3 3 3 3 31 2 3(123
60 |29 23 1 3 3 3 3
75 30|12 231231123 |12 3
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FIGURE 1.6.4.2

TEST - 343 - 203 100 hour temperature + voltage Step Strecs

o
1 = Initial Reading 2 =250% + 30v 3 = 300° + 30V
Number Shows

—oS5pA— 30 mh—>

fo. _
Pos.| 100~ |1KC 1KC 10KC 100KC |I¢cBo {IcBo | IgBo | ICEO] BVCED IVCE(SAT) [VBE(SAT) | PFE
5V | 60V
1 123 .
2| 12 12 12 i
311 3 12311
4 1 3 2
5
6 23 3
7 1 2 4 L 4
8 3 ) . ,
9 3
10 3 3 35 3
11 3 2 3 123
12123 1 L4
13 |
: 14 {1 2 z 3 3 3 3 3 L L
8 15 2
5 113 3h 3 3 3l 4 W4l g
5 17| 2 2 3 L 4i 4
7 18 2 1 1
5 119 3 W 3] 4] & "
6 20 y
21 |1 2 2 3 Sul o2 ou w2y 4
22 3 3 3 3 P % 3 4 3 N |
23 3 3 3 ¥ 3 1 4 |
2 24 31231123 2 3 2 3 31 2« 3 L g Ll
B 2513 3123|123 |12 3 Ji23 {2323 3123 L 4l
b 261 2232123112 1 1 23|23 41213 4
L 27| 23|23 23123 23| 24
D |28 T Y S 4
) 29 3 3 23123 Ll 23 4
2 30 3 3 3 4123 L 3
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FIGURE _4 2. 4.3
‘
TEST - 343 - 204  50C hour itemperature + voltage Step Stress ;
!
a 1
1 = Initial Reading 2 =250" + 30V 3 = 300% 30V
l

Number Shows

—S5yA— th—--BO DA ey : !

No. —
Pos.| 100~ |1KC 1KC 10KC 100KC {IcB0 | IcBo{ IR0 | IcEO| BVCEO [VCE(SAT) [VBE(SAT) | WFE RG?J
5V | 60V 1
0 1 2 J12 1 1 23] ;
2 2 ‘
5 3 3 3 3 3 3
2 "
1 5 123 _
6 , 12 12 3
7 23 2 123
8|12 .
9 .
10 12 12 1 3 1 I 3
S 11 {123 23 2
12 123 2 3
0 13 i 3
N 14 1
B 15
2 |15 3 3
3 17 3 3
G 18
“ 19
6 20 3 31123 |12 3
5 |=; 3 3 3123|213 23] 3 |
2 f22 322 31 3] 3 (
6 |23 31123 3123{ 231 31 3] 23 |
b2 23 3 31231231 3|23
2511 32 3 3
¢ 26 3 3 2 2 23123231 23|23 23
2 27 T2l 23 31231 23 23
2 2811 2 3|12 3 |12 1 3231 23] 23123 3
9 |29 31 23] 2 2y 23|23 23] 3|23 3 23
b5 30123 12 12 3
—
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FIGURE &.6.4,4,

TEST - 343 . 05
1 = Initial Reading 2 =20V + 500mw 3= 20V + 670 mw
Number Shows

€ 5Sph— 30 mA—

No.
Pos.| 100~ |1KC 1KC 10KC 100KC |I¢cB0 |Icpo | Ipgo|IcE0| BVCEO [VCE(SAT) |VBE(SAT) |RFE | Rer
5V | 60V
38 1 1 3 i :
Y3 2
48 3 27 3
64 L 22 :
32 511 23123 2
54 5 123 3
67 ? 2 23 23 jrz2
36 8 31123123 1123 |j1z2
70 9
D 10
37 11 1 3
9 112
1113 3
12 |14 123 1253
59 15
D9 |16
3 17 3
2 |18 12
19
20
2L 3 123
22 3 3
23 1 2 3
c 24
2 25 2 1 2 23
3 26 ;
9 27 ]
2 |28
29 3
30




TEST - 343 - 206

FIGURE 4.6.4.5

500 hour Power Step Stress

LN

A

1 = Initial Reading 2 = 20V+ 500 mw 3 =20V + €70 mw
Number Shows
— SyA—) —— 30 mA—

No. i N

~ial Pos.|100~~|1KC 1KC 10KC 100KC 1IcB0 {IcBo | IgBo | ICEO | BVCEO [VCE(SAT) [VBE(SAT) | hFE | Rem
SV | %oV '

56 | 1 3] ¢
30 2 3 2 3 123
87 3 22 23/12 2 3
83 L 231223 123112312323 23 3
09 5 3123123 23
7’5 16 2 3
27 7 3 3 3 3 3 3 3 3 open
33 8 i2 12 2
+6 9 123 123|123
36 |10 12 2 3
|

11 31 3 2 31 23
1 112 >3] 23 2 3 23 23
2 13
34 14 12
38 115 1 1 13
29 16| 123|123 23 31 23
L7 1 3
%6 |18 23 3
5 119
P2 |20
Ll 21 3

22 3 3 2 3

23 3 3 3 12 3

24

25 23 3 2

26 3 1 L 2 3

27 3

28 2 2 3 1 2

29 3

301 3 3 3
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4.6.5 Predictability by Noise Measurement

Three 1cts (343-202, 4 & 6) were reviewed to determine if this
small sample experiment would show evidence of predictability
when methods were applied to all three processes simultaneously.

INITTIAL MEASUREMENT FIRST STEP MEASUREMENT
Total Good Fail Total Good Fail

Below
Max. Limits 52 31 (60%) 21 (40%) 42 30 (714) 12 (29%)

From this comparison 52 units out of 90 were good by the arbitrary
limit. This shows 58% good in the entire lot and 60% good after

a roise test was made. This is a very small improvement and has
little meaning.

If the noise test were made after the first step, the percentage
good increased to 71% from the 58% shown good on the original
lot.

4,6.6 Effect of Noise Frequency on Predictability

FIG. 4.6.6.1 INITIAL NOISE FIRST STEP NOISE

Total Total

Failed [Passed :

Test Good Fail Test |Good Fail
Na, Below

Limits No. % No. % No. % |No. %

100 5 A 14 6 43 8 57| % |4 28|10 71
1KC  54A 19 9 ¥ | 10 53| 20 |8 40|12 60
1KC 30 mA 17 10 59 7 w1l 37 (20 54|17 46
10KC 30 mA 14 11 79 3 21 20 |12 60 8 40
100KC 30 mA 15 8 53 7 47117 | B 4719 53
Normally 58% Goed, 42% Bad.

Figure 4.6.6.1 is a study of the units which failed the noise
test. From this study we can see which noise test would select
a greater percentage of bad units than good units.

The original lct showed 58% good units and 42% bad. Each per
cent underlined showedmore than the normal amount of bad units
and thus would improve the reliability.




40606 (CONTO)

40607

For instance, the 100 cycle noise t¢st at the initial reading
nad 57% bad units compared with 425 in the lot without noise
selection, This would eliminate 15% more bad units than good.

If the test were taken after the first step (second reading),
this percentage detected becomes 71% or an improvement of 29%.

Some conclusions from above: The above test or experimental
method is still very crude. The limits were chosen only to
determine if some correlation existed and are subject to many
errcrs. Some definite statements can be made without further

study.
1, Noise frequencies are not equally effective.

2. More effective resulis can be made by stressing devices prior
tc noise measurement.

3. Reliability can be decreased by the noise test because more
"good" units than bad units will be removed from the lot if
the noise test limits or frequency were chosen incorrectly.

For the purposes of this section, the relation between noise

and each individual parameter is studied. A more detailed analy-
sis of the relation between noise and each individual failure
class will be made after phase III when greater quantities of
each failure are available for study.

Figo 4.6,7.1 is a review of the initial test failures, second
test and third test failures vs the noise test taken at the
initial time, The number in the body of the table shows the
percentage detected of all bad units at the initial noise test
and the noise test at the second test.

This table relates the effectiveness in finding the different
types of parameter failures.

7¢
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FIG, 4.6.7.2

This table carries the reasoning of 4.6.7.1 further to show the
percentage relation between the original percentage of bad units
within the lot exhibiting failure to the particular parameter to the
percentage detected by the noise. This is shown by a ratio where 1
is the detection of the same ratio as shown in the initial lot 2, 3,
etc. is 2 or 3 times normal expectancy showing better detection of the
bad parameter (ex. 100 cycle shawed detection of 20% where 16.6% uas

normal).
INITIAL TEST
—5MA—3 <« 30MA

PARAMETER 7

FATLED 100 ~ 1KC 1KC 10KC 100KC
Inpo @ 5V 1.2 2.0 1.2 .75 1.6
ICBO @ 60V 07 10&' 09 07 lcé
IEBO 108 306 1.8 09 108
Icro 1.9 2.3 1.7 1.3 2.3
BVCEO 202 2.9 105 105 202
VCE(SAT) === - = == ===
VBE(SAT) 1100 1100 11.0 3.6 702
hFE 2.2 !.0 2.0 loé Eoo
TOTAL - 22.5 26.2 21.1 10.0 19.7
AVERAGE EFFECTIVENESS -~ 2.8 363 2.6 1.25 2.5

AFTER FIRST STEP

ICBO @ 5V 200 302 208 106 106
Icpo @ 60V 1.4 2.0 2.3 1.1 1.1
IEBO 306 4.5 501} 207 356’
ICEO 208 3;8 3:8 203 109
BVCEO 2,3 2.9 307 105 105
VCE(SAT) - 1000 200 1090 10.0
VBE(SAT) 7.2 3.6 11.0 7.2 1.0
hFE 3.8 3.8 3.8 2.6 4.5
TOTAL - 23.1 33.8 34.8 29.0 25.2
AVERAGE, EFFECTIVENESS - 2.9 4.2 Ly 3.6 3.2

7E
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TABLE 4.6.7.2

2.

Sereening effectiveness ratic shows several interesting facts:

At 10KC, 30 MA, noise test of units showed less noise for units
which failed Ippgg at 5 & 60 volts and Iy, or more quiet units

than noisy uvaits failed. In general, there was only a small improve-
ment 1.25 times as many ncisy units in the combined rejects as there
were in the original sample.

v shows some substantial correlation indicating that 11 times
BE(SAT) >0 . : . . .

as many units were noisy in the failures as in the criginal popu-

lation. The quantities of failed units are small, however, giving

a lower confidence factor for this conelusion.

Referring to paragraph 4.5.1, the 100 cycle noise was expected to
be ineffective due to sensitivity of the reading. It dces prove to
be almost as effective as the two 1KC noise at the initial test but
less effective later. The effectiveness is expected to improve on
later tests due to a change in procedure using 1 MA for 100~ . This
may become as effective as other tests.

The effectiveness of the 100 ~“tests at the initial reading is the
same as at the first step reading. This may indicate that it will
be the most useful when improvements are made.



4.6.8 The 100 cycle noise test comparison for the 3 processes:

Fig. 4.6.8.1, 2, & 3 show the distribution of values found on
the initial reading of units which did not exceed the test
limits and units which did exceed these limits.,

The three graphs show percent at or above the various noise levels.

Each curve shows effects which tend to substantiate the theory
outlined in Section 4.3.5. If flicker noise is due to a component
which is due to factors which are not associated with degradation,
and aiso with factors which can be associated with degradation,

we would expect results similar to the results shown in the three
graphs.

A1l three graphs tend to show that there are two different dis-
tributicns. One mechanism produces a distribution which shows:

Process A 1% of units greater than 33 pico amps.
Process B 1% of units greater than 34 pico amps.
Process C 1% of units greater than 37 pico amps.

This is as shown by the dotted line extension of the major part
of the distribution.

Super | mposed on this distribution is noise possibly generated
by another mechanism.

Process A has a much smaller percentage of units which are
included in the second distribution which possibly can be identi-
fied by a noise - degradation relationship.

Any study to determine the validity of the use of noise as a
screening mechanism would require much greater sample sizes to
produce the same validity for Process A than for Process B or
C.

Process B distribution shows a marked difference in the distri-
bution of the bad unitsfromany other distribution. This may be
caused by the noise producing degradation mechanism being present
in all transistors which failed. In the case of the Process C
transistors, the degradation type of noise may not be present to
a noticeable degree because degradation occurs from a mechanism
which produces no noise.

Process A units show too small a percentage of units which are
bad due to any conditions to clearly show any effect.

The frequent reports of experiments relative to noise as a pre-
dictor tend to indicate a lack of correlation. In this case, a
small correlation exists on Process B but not on other units.
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4,6.9 Effect of 1,000 ~-5 A Noise Test

Fig. 4.6.9.1, 2, & 3 show the same comparison for Process A, B,
and C when measured at 1,000~ 5 micro ampere.

In both cases, Process A and Process C, there is little if any
discrimination between good and bad transistors.

Process B, however, does show the difference found at 100 cycles.

This curve though crude due to a small sample size does indicate
that screening to a noise level would improve failure rate for
instance screening to 22.5 pico amperes would discard 124 of all
units and eliminate 26% of the failures.

There was no indication of an improvement possible from selection
of either Process A or Process C as shown on Fig. 4.6.9.1 & 3.

g
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4,6,10 Effect of Higher Current In @ 30 MA 1,000

Fig. 4.6.10

1 2, & 3 show the distribution of the three processes
at 1,000~

ol,
30 MA
This change shows no improvement over tests made at 5 microampere.

Two new sources of measurement error are introduced, however.
These would explain the apparent poor shape of the distribution
curve.

1. Readings made below 100 are made on the 1 scale of the meter.
Readability of 1 division plus accepatble error 5% of full
scale would show only a small number of readings too high or

low. Readings made between 100 and 150 are made on low end of

the 3 scale where percentage accuracy of + 20% would be within
.the guarantee.

2. The 30 MA also introduced heating. If the operator paused
to manually shift scales, the noise might be greater on the
average due to the delay causing higher temperature.

8%
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4.,7.1 Improvement possible by screening to a noise limit.

Fig. 4.7.1.1 shows the overall result of screening transistors
to a noise limit.

Process A and Process C contain a percentage of units that do
not show an overall gain when screened to noise limits.

Such gain can be concealed fer three different reasons to be
investigated further:

1.

2o

The percentage of units within the distribution and detect-
able by a ncise test may be too small to be seen in the

the quantities involved in this experiment. See paragraph
406080

The failures for other reasons may be too frequent to detect
the changes due to a small percentage.

If the noise mechanism 1s scme phenomenon involving trapping
of ions on the surface. the transistor would need a voltage
or high temperature or socme other stress mechanism to acti-
vate the surfaces before the noise mechanism becomes sctive.
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4.,7.2 Effect of Noise Test after First Stress
Fig. 4.7.2.1 shows the effect of the noise test after activation.

The percent good on all units has increased from a maximum of
86% good after screening the Process B units to a maximum of 95%
after screening.

The same screening did not show an improvement in Process A or
Process C.

This experiment does show that screening to a noise test limit
can detect failures but an improvement in the ability to detect
will occur if noise test is made after the unit has been stressed.

As previously stated, failures may be detected in Process A or
Process C by the above mechanism but due to either a small number
of failures for the specific cause or for a large number of failures
due to some other cause, the effect may be concealed.
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4,7.3 Effects of Noise Test after First Stress

Fig. 4.7.2.1, 2, & 3 show the overall effects of making noise
tests after one stress level. The analysis here differe from
4,7.2 in that failed units are plotted as a distribution of per-
centage of units vs noise level for failed units only.

Process A now shows a much clearer difference between good and
bad units and the noise relation than was shown on initial read-
ings (see 4.6.8.1). No change seems to take place in the median
values. The very few failure units tend to indicate a relation
between failure and noise.

Process B now shuﬁs:a definite difference in distribution for
units which fail and those which do not.,

Process C now also shows an improvement in ability to detect a
failure.

All 6 graphs show a very similar basic distribution with a second
superimposed distribution.

In the case of Process A the effects of the secondary noise
source are evident in 124 of the units. In B the effect is
evident in 34% of the units and in C the effect is evident in
45% of the units.
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4.8

/00

Failure Mode vs Noise

Comparison was mede between the cumulative percentage distribution
of units which failed various parameters and the cumulative per-
centage distribution of all units in the 3 lots 343-202, & & 16.
The 100 cycle 5 micro amp noise was used.

Curve 4.8.1.1 and 4.8.1.2 shows the comparison between the distribu-
tions.

If we use the cumulative percentage distribution of all units as a
reference, several interesting facis can be observed.

1. The 50th percentile of units which failed IEBO is notieeably
higer than the 50th percentile of all units. This tends to confirm
that units which fail have more noise. A comparison made at the
90th percentile 8hows lower noise for units which fail than for all
units. Comparisons made using units which had the highest noise
would then tend to deny the theory that noise can be used to predict
failures.

2, The 50th percentile of units which failed ICBO shows little
difference from the distribution of all units. In general there is
little detectable difference.

3. At the 50th percentile of units which failed hyp there is a
definite difference tending to show that noise tests could detect
units which will fail. The units, however, which showed the highest
noise did not necessarily fail. This again is contradictery evidence.

4, The units which failed VCE (sat) show no difference in noise
other than evidence that in general they tended to have less noise.

5. The units which failed BVCEQ did show that a percentage had higher
noise, but analysis of the results of the 50th percentile would show
no results analysis at the 30th percentile would tend to deny the
theory.

When the entire distribution is examined, these curves do tend to
confirm that noisy units are more likely to fail. However, it is
easy to see how little or comtradictory results could be obtained
using various analysis methods.
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4,8.2 Relation of noise to failure when noise is measured after
the first step.
The effect of a noise mechanism which is activated by the first step
is eclearly whown by the change in the distribution of noise valves.
This can be seen by comparison of Fig. 4.8.2.1 and 2 with 4.8.1.1 & 2.
Comparison of these curves show a clearer cause and effect relation-
ship for most of the failure modes examined.
In the comparison of the noise of units prior to the first stress
there were too few high noise units among the units which failed
when this distribution is compared to the distribution of all units
in the original sample,
This suggests a hypothesis that will require a more complete ex-
periment with the data from phase II & III.
The mechanism which preduces noise and degradation must have some
operation of the transistor under stress such as voltage or voltage
plus temperature before noise can be used as a predictor of reliability.
It is possible that the small amount of initial testing prior to the
first test did act to partly activate this mechanism.

% of Failures Eliminated

IN ceceeee 70 60 50 40 30 20 pA

% Yield 97.6  94.5  89.0 80.0  68.0 6.5 %

IcBo @ 60V 11 20 32 46 60 98 %

IzBo 19 29 41 5h 72 97 %

BVcEQ 10 18 31 46 62 96 %

Vg (SAT) 2 7 17 34 45 98 #

hyg 7 14 25 40 56 96 %
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Conclusions

Limitations of the Analysis Method used.

The method of analysis used in the experiment is subject to
several limitations which must be understood:

1.

2.

Use of a tighter than normal end of 1life limit did produce
the effect of acceleration. The acceleration factor appro-
priate to the failure rates shown to failure rates under any
other end point, is unknown. It undoubtedly differs for each
process.

The mechanism which activates the noise prediction is also
unknown. This experiment does not guarantee that all such
mechanisms were fully activated.

Findings for device processes under study.

1.

2.

3.

The experiment does show that there is a possibility that
noise can be used as a predictor of reliability in a manner
which will permit improvement of the reliability of the prod-
uct.

The low frequency noise appears to te much more effective than
other frequencies,

Measurement of noise appears much less effective on a new
device than it is on a device after being stiressed.

Work Unfinished

1.

An inadequate number of failed units were on hand to identify
differences in results for the three processes separately.
The more detailed experiment in Phase II and III should pro-
vide substantially more information because more failures of
each classification will be available.

Study of the "noise activation"™ processes is necessary. Use

of noise tests as an intermediate step in a stress - screen-
ing method will prcbably be effective. However, a short period
stress, (voltage, or voltage-temperature) may be equally effec-
tive. This will be identified further.

Noise develops during degradation. However, if the transistor
action drops (hFE decrease), the noise indication will drop
off. This effect may be concealing some of the statistical
effects of noise. Further investigation will be conducted

on the larger sample to determine the effect of noise independ-
ent of other faiiure indicators.
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4.9.3 Cont.

k.

5e

In failure analysis, it was found that noise was higher on
units with surface degradation. These units are recoverable
in terms of leakage. A more detailed study will be made to
determine if the noise is recoverable in a direct relation
to the amount the surface is recoverable.

It is possible that noise which may remain after the surface
recovers will provide an important clue to the noise v s.
degradation relationship.

Process B data analysis shows a possibility that noise is
related to degradation of the bonding at the post. If enough
of such failures are found in the phase III, a controlled
experiment to establish this relationship will be possible.

Several other facts have been noted in the preliminary study
of noise vs failure mechanism. This work was incomplete at
end of second quarter and will be ineluded in the 3rd. Quarter
Report.



5.0

5.1

5.2

Phase ]I Screening Experiment

The effect of the screening experiment is included on a prelimin-
ary basis only. This report covers the percentages lost on each
lot and to three sets of limits.

The percentage failure at 300°C for process C is not as great as
expected from the initial step stress experiment.

This shows a total failure of 53%. Previous estimates had placed
this higher.

Some serious destruction may occur from the 25 KG centrifuge on
the Process C units however.

Brief review of observed results on Phase II.

There are several other interesting details present from this
data.

1. Process B units do not seem to increase in percentage failures

when a 300°C bake is used over a 200°C bake.. Process A has
a sharp increase in percentage failures from 1.2 to 13.3 per-
cent. Process B shows 12 percent at either condition. The
Al-Al bonding may account for no temperature differsnces but
failures are due to some other mechanisms.

2. Process C units seem to be usually good at the first step
250°C plus 30 volts. This indicates their dominant failure
mechanism is not similar to the other failure meechanisms.

The characteristic failure of Process C unitsseems to be
cracks in the silicon under the bond. This mechanism may
not develop at the 250°C level.

Explanation of Tablulated Results.

Fig. 5.2.1 shows the tabulated data for all failures in the
phase II experiment. These are expressed in percentages.

Failures were chosen as units which exceeded three separate sets
of limits of 1, 10, and 100X for leakage and- initial. Initial +
10% and Initial + 20% for three levels as follows:

LEVEL 1 2 3
Icpo @ 60V 10 nA 100 nA 1 mA
Igpo @ 5V 10 nA 100 nA 1 pA
BVeEo 32V 29.V 26 v
hgp Min. 35 31.5 28

Max. 150 165 180

/6%
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5.3

/]

Overall Results (Drop Out)

Fig. 5.3.1 shows the combined percentage failures to initial limits
only. This table assumes that screening limits would not be increased
over the initial limits used in the specification.



FIG. 5.3.1

OVERALL EFFECTS OF FIRST 3 TESTS OF PHASE 2

TEST PROCESS

1. 5 Months Storage

2. 250°C + 30V

3. 300°C after 2

4, 200°C after 2

5. Centrifuge @ 25 K&

Centrifuge at 25 KG following the Step 2 was not completed as of March 31,

1964 and will be reported later.

% FAILURE

A 0

B o7
c 3.9
A .3
B 7.0
c 1.0
A 13.3
B 12.1
c 53.4
A 1.2
B 12.7
C 24.6
A 0

B 4.7
c .8

N’





